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PURIFICATION OF CHIMERIC PROTEINS 
CONTAINING AN IL-2 MOIETY BY 

RECEPTOR-AFFINITY CHROMATOGRAPHY 

This application is a continuation-in-part of copend 
ing US. application Ser. No.5l,967, ?led May 19, 1987, 
which is incorporated herein by reference. 
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1. TECHNICAL FIELD 

This invention relates to methods for the puri?cation 
of interleukin-2 IL-2) and chimeric proteins which con 
tain an IL-2 moiety. Soluble receptors for IL-2 pro 
duced through the use of recombinant DNA technol 
ogy are immobilized on a solid support and used to 
prepare biologically active, unaggregated and highly 
Puri?ed IL-2 and chimeric proteins. 

2. BACKGROUND OF THE INVENTION 

2.1. Puri?cation of Biologically Active Proteins and 
Polypeptides 

In recent years, a wide variety of important biologi 
cally active molecules has been isolated from natural 
sources or produced by recombinant DNA technology. 
Many of these molecules are polypeptides or proteins 
which exert their biological effects by binding to spe 
ci?c cellular receptors. 
To purify these polypeptides and proteins, conven 

tional methods such as preparative electrophoresis, gel 
?ltration chromatography, salt or organic solvent frac 
tionation, ion exchange chromatography and the like 
have often been employed. The problem with the use of 
such conventional methods is that they are not gener 
ally speci?c for the protein of interest. As a conse 
quence, many of these methods must generally be used 
in combination before a substantially pure protein can 
be obtained. Because there are losses due to analytical 
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2 
sampling and incomplete recovery at each puri?cation 
step, the overall yields are often poor in such multistep 
puri?cation procedures. 
More recently, improved results have been obtained 

by using immunoaf?nity columns containing polyclonal 
or monoclonal antibodies speci?c for a protein that is to 
be puri?ed. For example, Kung, US. Pat. No. 
4,476,049, has used immobilized monoclonal antibodies 
speci?c for the carboxyl terminus of recombinant 
human immune interferon to purify that protein. The 
use of immunoaf?nity columns can lead to highly puri 
?ed or even homogeneous protein preparations, but 
proteins puri?ed in this way may not have their full 
intrinsic bioactivity. 

Pestka, US. Pat. No. 4,623,621, has disclosed that 
many important biologically active polypeptides and 
proteins can aggregate, forming dimers, trimers and 
higher oligomeric forms. When such aggregation oc 
curs, the polypeptide or protein may have either lower 
biological activity or no activity at all. Furthermore, 
such aggregated material may have the potential for 
causing deleterious side effects such as antibody pro 
duction in patients, if it is used therapeutically. Im 
munoaf?nity columns do not necessarily discriminate 
between the aggregated and unaggregated (monomeric) 
forms of polypeptides and proteins. 
The probability that aggregation of desired polypep 

tides and proteins will occur is substantially increased 
when they are produced by recombinant DNA tech 
niques in host organisms and isolated from cell lysates, 
under conditions and in concentrations that do not 
‘occur when they are produced under natural condi 
tions. These conditions can favor aggregation through 
intermolecular disul?de bridges, other covalent bonds 
or non-covalent interactions. 

2.2. Cloning and Expression of IL-2 Receptors 

Because most if not all biologically active polypep 
tides and proteins act by binding to speci?c cellular 
receptors, there have been numerous efforts in recent 
years to characterize these receptors. Recently, the 
methods of recombinant DNA technology have been 
brought to bear on the problem of producing receptor 
molecules for study. Signi?cant progress in this area has 
been made in the cloning and expression of genes cod 
ing for receptors for interleukin-2. 

Interleukin-2 (IL-2) is a hormone-like protein growth 
factor secreted by certain T lymphocytes after antigenic 
or mitogenic stimulation. The actions of IL-2 are medi 
ated through the binding of the IL-2 protein to speci?c 
high af?nity receptors which are present in the mem 
branes of activated, but not resting, lymphocytes. 

Miller et al. [J. Immunol. 134:4212 (1985)], and 
Shimuzu et a1. [Nucleic Acids Res. 13:1505 
(1985)]v/have cloned and expressed cDNA prepared 
from murine mRNA coding for the mouse IL-2 recep 
tor. Leonard et al. [Nature 311:625 (1984)] and Nikaido 
et al. [Nature 311:631 (1984)] have described similar 
studies based on the human IL-2 receptor. In all of these 
studies, Plasmids bearing IL-2 receptor-encoding in 
serts were used to transfect COS cells. The transfected 
cells were then found by speci?c antibody or IL-2 bind 
ing to have the expressed IL-2 receptors in their cell 
membranes. There was no indication in these studies 
that receptor molecules had been secreted into the cul 
ture medium. 
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More recently, Treiger et al. [J. Immunol. 136:4099 
(1986)] have disclosed the expression of a secreted form 
of the human IL-2 receptor. This secreted form of the 
receptor was produced by cleaving a plasmid contain 
ing a full length IL-2 receptor cDNA with the Nae I 
restriction endonuclease, to delete nucleic acid sequen 
ces coding for the intracytoplasmic segment and most 
of the putative trans-membrane segment of the com 
plete receptor molecule. The resulting modi?ed cDNA 
was then transfected into and expressed in modi?ed 
mouse L cells. The polypeptide thereby produced was 
secreted into the medium, because its “anchor” compo 
nents had been deleted. 

3. SUMMARY OF THE INVENTION 

This invention Provides secretable, soluble IL-2 re 
ceptors which are capable of being immobilized on a 
solid support while retaining the ability to speci?cally 
bind IL-2 and chimeric proteins containing an IL-2 
moiety. 

This invention further Provides IL-2 receptor 
af?nity adsorbents comprising such soluble IL-2 recep 
tor molecules immobilized on a solid support, and meth 
ods employing such adsorbents for the puri?cation of 
IL-2 and chimeric proteins containing an IL-2 moiety, 
which moiety is capable of speci?cally binding to an 
IL-2 receptor. These methods are applicable to the 
puri?cation of IL-2 and such chimeric proteins from 
any source, whether the IL-2 or chimeric protein is 
chemically synthesized or obtained from natural 
sources, or from recombinant DNA expression systems. 

In one embodiment of the invention, IL-2 or a chime 
ric protein containing an IL-Z moiety in a solution or in 
a culture medium conditioned by human or animal cells 
is puri?ed by a method comprising: 

(a) contacting a solution or conditioned medium con 
taining IL-2 or a chimeric protein containing an 
IL-2 moiety, which moiety is capable of speci? 
call-y binding to an IL-2 receptor, with a receptor 
af?nity adsorbent comprising soluble IL-2 receptor 
molecules immobilized on an insoluble support, 
which immobilized receptor molecules are capable 
of speci?cally binding to the IL-2 or chimeric pro 
tein; 

(b) allowing the IL-2 or chimeric protein to speci? 
cally bind to the adsorbent; 

(c) washing the adsorbent to remove unbound con 
taminating substances; 

(d) desorbing the IL-2 or chimeric protein from the 
washed adsorbent; and 

(e) separating the receptor-aff'mity adsorbent from 
the desorbed IL-2 or chimeric protein. 

In another embodiment of the invention, recombinant 
IL-2 or a chimeric protein containing an IL—2 moiety 
produced in a bacterial expression system is puri?ed by 
a method comprising: 

(a) disrupting cultured bacterial cells transformed by 
a vector capable of directing the expression of IL-2 
or a chimeric protein containing an IL-2 moiety, 
which moiety is capable of speci?cally binding to 
an IL-2 receptor, to produce a cell lysate: 

(b) isolating the insoluble fraction from the cell lysate; 
(c) extracting the isolated insoluble fraction from the 

cell lysate with a solution of from about 4 to 7 M 
guanidine-HCI to obtain an extract containing IL-2 
or the chimeric protein; 

(d) diluting the extract from about 10- to about 1,000 
fold with a guanidine-HCI free solution; 
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4 
(e) contacting the diluted extract with a receptor 

af?nity adsorbent comprising soluble lL-2 receptor 
molecules immobilized on an insoluble support, 
which immobilized receptor molecules are capable 
of speci?cally binding to the IL-2 or chimeric pro 
tern: 

(f) allowing the IL-2 or chimeric protein to speci? 
cally bind to the adsorbent; 

(g) washing the adsorbent to remove unbound con 
taminating substances; 

(h) desorbing the IL-2 or chimeric protein from the 
washed adsorbent; and 

(i) separating the receptor-af?nity adsorbent from the 
desorbed IL-2 or chimeric protein. 

Although the degree of dilution in step (d) may range 
from about 10- to about 1,000-fold, a dilution of the 
extract of about 30- to about 80-fold is preferred. 

In still another embodiment of the invention, recom 
binant IL-2 or a chimeric protein containing an IL-2 
moiety produced in a bacterial expression system is 
puri?ed as described above, except that extraction step 
(c) is preceded by preextraction steps to extract contam 
inating cellular materials, comprising extracting the 
isolated insoluble fraction from the cell lysate with 

(i) a buffered salt solution; and 
(ii) a solution of from about 1.75 to 2 M 
guanidine-HCl. 
In still another embodiment of the invention, recom 

binant IL-2 or a chimeric protein containing an IL-2 
moiety produced in a bacterial expression system is 
puri?ed as described above, except that dilution step (d) 
is followed by a step comprising allowing the diluted 
extract to stand for a period of time ranging from about 
four hours to more than three days, preferably the di 
luted extract is allowed to stand for about 1 to about 3 
days. 

4. BRIEF DESCRIPTION OF THE FIGURES 

This invention may be more readily understood by 
reference to the detailed description below and to the 
following ?gures, in which 
FIG. 1 is a schematic illustration of the principle of 

IL-2 receptor-af?nity chromatography; 
FIG. 2 is a 6-50 column elution pro?le of recombi 

nant human IL-2 produced in E. coli and puri?ed by 
receptor-af?nity chromatography; 
FIG. 3 is a Sephadex G-50 column elution pro?le of 

recombinant human IL-2 produced in mammalian cells 
and puri?ed by receptor-af?nity chromatography; 
FIG. 4 is a Sephadex G-50 column elution pro?le of 

recombinant human IL-2 produced in E. coli and puri 
?ed by immunoaf?nity chromatography; 
FIG. 5 shows the results of an SDS-polyacrylamide 

gel electrophoretic analysis under nonreducing condi 
tions of a mixture of standard molecular weight marker 
proteins (lanes S); a recombinant E. coli extract (lane 1); 
?owthrough from the puri?cation of the E. coli extract 
in the receptor-affinity column (lane 2); receptor 
aft'mity puri?ed recombinant IL-2 from the E. 0011' ex 
tract (lane 3); conditioned medium from transfected 
mammalian cells producing recombinant IL-2 (lane 4); 
and receptor-affinity puri?ed recombinant IL-2 from 
the conditioned medium (lane 5). Numbers to the right 
of the gels are the molecular weights of the marker 
proteins in kilodaltons; 
FIG. 6 shows the results of an SDS-Polyacrylamide 

gel electrophoretic analysis under both reducing and 
non-reducing conditions of a mixture of standard mo 
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lecular weight marker proteins (lane S). E. coli extract 
containing des-Alal-Ser125 lL-2 (lanes 1). af?nity puri 
?ed des-Ala1-Serl25 IL-2 (lanes 2), E. 0011' extract con 
taining Lys20 IL-2 (lanes 3). af?nity puri?ed Lys2O IL-2 
(lanes 4), E. coli extract containing wild type recombi 
nant human IL>2 (lanes 5), and af?nity puri?ed wild 
type recombinant human IL-2 (lanes 6). The numbers to 
the left of the ?gure are the molecular weights of the 
marker proteins; and 
FIG. 7 shows the results of an SDS-polyacrylamide 

gel electrophoretic analysis under non-reducing condi 
tions of samples taken during the puri?cation of IL 
2/PE40. Lanes 1-3 contain E. coli extract, receptor 
af?nity column flowthrough and receptor-af?nity-purb 
?ed IL-2/PE40 eluted from the column. Lanes S con 
tain standard molecular weight markers, the sizes of 
which are indicated to the left and right of the ?gure, in 
kilodaltons; 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention achieves superior puri?cation 
of IL-2 and chimeric proteins containing an IL-2 moi 
ety, through the use of receptor-af?nity chromatogra 
phy a process that is schematically illustrated in FIG. 1. 
In this process, a bacterial extract, a laboratory solution 
or conditioned medium containing IL-2 or such chime 
ric protein is contacted with an insoluble support, to 
which puri?ed, soluble receptors for IL-2 (IL-2R) have 
been immobilized. In FIG. 1, IL-2R molecules, repre 
sented as arrows, have been af?xed to gel beads. 

Because only IL-2 or a chimeric protein containing 
an IL-2 moiety capable of speci?cally binding to an 
IL-2 receptor in the extract, solution or medium has 
speci?c high af?nity for the immobilized receptors, 
only lL-2 or such chimeric proteins will bind (or be‘ 
adsorbed) to the support. As a consequence, all of the 
contaminating proteins which lack such high af?nity 
remain unbound and are readily washed away. The IL-2 
or chimeric protein speci?cally bound to the beads can 
then be desorbed by appropriate means, to produce 
regenerated beads and the puri?ed protein. 

5.1. Sources of IL-2 

IL-2 that can be puri?ed by the methods of this inven 
tion can be obtained from many sources. For example, it 
could be chemically synthesized, using published se 
quence data and wet or solid-state methods. Taniguchi 
et al., supra, have disclosed the amino acid sequence of 
human IL-2. The amino acid sequence of murine IL-2 
has been published by Yokota et al., proc. Natl. Acad. 
Sci. USA 82:68 (1985). IL-2 can also be produced by 
recombinant DNA methodology based upon known 
gene sequence data, vectors and methods, in bacterial or 
mammalian cell expression systems. 
Transformed bacteria producing recombinant IL-2 

must generally be disrupted using methods known in 
the art such as sonication, French pressure cell disrup 
tion or other mechanical means, osmotic shock or re 
peated freezing and thawing. 

Cultures of lymphocytes or T cell lines can also serve 
as sources of IL-2. For example, Gillis et al., J. Exp. 
Med. 152:1709 (1980).have described the production of 
IL-2 in medium conditioned by cultured mouse, rat or 
human lymphocytes, or leukemic murine or human T 
cell lines. Such cultured cells are generally stimulated to 
produce IL-2 by agents such as phytohemagglutinin or 
concanavalin A. The receptor-affinity adsorbents of this 
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6 
invention are especially useful for such conditioned 
media because of their ability to selectively remove 
IL-2 from large volumes of medium. 

5.2. Chimeric Proteins Containing an IL-2 Moiety 

As used herein. the term “chimeric protein contain 
ing an IL-2 moiety” means a protein comprising two or 
more parts of diverse origin, one of which comprises 
the wild-type amino acid sequence of human IL-2. a 
functionally equivalent sequence or a subsequence of 
such wild-type or functionally equivalent sequence. 
Such functionally equivalent sequences are related to 

the wild-type sequence of human IL-2 in that they con 
tain amino acid substitutions which do not substantially 
impair the ability of the proteins to speci?cally bind to 
IL-2 receptors. Amino acid substitutions which can 
produce functionally equivalent proteins are well 
known and have been described, e.g., by Neurath et al. 
in “The proteins”, Academic press, New York (1979), 
in particular in FIG. 6 at page 14. The most frequently 
observed amino acid substitutions are Ala/Ser, Val/Ile, 
Asp/Glu, Thr/Ser, Ala/Gly, Ala/T hr, Ser/Asn, Ala/ 
Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, 
Leu/Ile, Leu/V a1, Ala/Glu, Asp/Gly, and vice versa. 
Examples of some functionally equivalent IL-2 sequen 
ces have been described by Mark et al. (U.S. Pat. No. 
4,518,584). 
Although the IL-2 moiety may contain a complete 

IL-2 sequence, it could contain a subsequence instead, 
as long as a suf?cient portion of the IL-2 molecule were 
present to permit substantial, speci?c binding to an IL-2 
receptor. 
The IL-Z moiety can also contain additional amino 

acid residues, as long as such residues do not substan 
tially impair speci?c binding to IL-2 receptors. Such 
additional residues might be contributed, e.g., by Por 
tions of a vector used to express the chimeric protein. 
Alternatively, they might be part of a linker used to 
connect the IL-2 moiety to the other part(s) of the chi 
meric protein. 
The other part(s) of the chimeric proteins which can 

be puri?ed by the methods of this invention can com 
prise any other amino acid sequence Such other se 
quence could be, e. g., the sequence of a carrier polypep 
tide. Carrier polypeptides are polypeptides which can 
not bind speci?cally to IL-2 receptors but which can be 
fused to IL-2 during expression in a recombinant DNA 
expression system. Such polypeptides can lead to en 
hanced expression and/or a more stable expression 
product. Some examples are E. coli chloramphenicol 
acetyltransferase and murine dihydrofolate reductase. 
Other representative chimeric proteins to which this 

invention relates are, e.g., IL-2/toxin conjugates. For 
example, Kelley et al. [proc. Natl. Acad. Sci. USA 
85:3980 (1988)] have described a chimeric protein com 
prising an IL-2 moiety fused to diphtheria toxin. In this 
protein, the IL-2 moiety replaces the diphtheria toxin 
receptor-binding domain, which has been engineered 
out of the toxin. 
The cloning and expression of a gene coding for a 

chimeric interleukin-2/Pseudomas exotoxin protein, 
designated IL-2/PE40, have been reported by Lorber 
boum-Galski et al. [proc. Natl. Acad. Sci. USA 85:1922 
(1988)]. This protein comprises Pseudomonas exotoxin 
in which the cell recognition domain has been replaced 
by human IL-2. The freely exposed IL-2 moiety at the 
amino terminus in IL-2/PE40 is expected to retain its 
full biological activity [J u et al., J. Biol. Chem. 262:5723 
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(1987)]and to speci?cally bind to IL-2 receptors. This 
chimeric protein will be used in an example below, to 
illustrate the methods of this invention. 
The IL-2 moiety can be joined to the other part(s) of 

the chimeric protein by constructing and expressing a 
chimeric gene coding for both the IL~2 moiety and the 
other part(s), with or without a linker between them. 
Alternatively, IL-2, a protein having a functionally 
equivalent amino acid sequence or a subsequence 
thereof and the other part(s) of a chimeric protein can 
be synthesized ?rst, by recombinant DNA or synthetic 
means, using standard methods. Then, the parts of the 
chimeric protein can be covalently joined using known 
methods. 

5.3. IL-2 Receptors 

The IL-2 receptors of the invention can be any recep 
tors speci?c for IL-2 that are soluble. In the preferred 
embodiment, an “anchor minus” modi?cation of the 
human IL-2 receptor described by Treiger et al., suora, 
is used. This molecule is soluble because the carboxy 
terminal 28 amino acid residues have been deleted, 
thereby preventing retention of the molecule in the 
membranes of producing cells. Because the entire 
human IL-2R gene has been cloned and sequenced 
[Cosman et al., Nature (London) 312:768 (1984)], vari 
ants containing more or fewer amino acid residues 
which have the requisite characteristics can readily be 
produced by organic synthetic or recombinant means 
known in the art. 
Because sequence data are also available for the IL-2 

receptors of mice [Miller et al., J. Immunol. 134:4212 
(1985)]. soluble forms of those receptors can also be 
prepared by analogy to the human receptors. 
There is 61% homology between the amino acid 

sequences of murine and human IL-2R [Miller et al., J. 
Immunol. 134:4212 (1985)], suggesting that there may 
be cross reactivity between IL-2s from these species and 
their IL-2 receptors. In fact, murine recombinant IL-2 
binds to human lL-2R receptor-af?nity adsorbent and 
can thus be puri?ed using such adsorbent. 
Any receptors used in this invention should prefera 

bly have the ‘following characteristics: 
1. They should be soluble to facilitate puri?cation, 

preferably to homogeneity; 
2. The genes encoding them should be amenable to 

cloning and high level expression, so that appreciable 
quantities can be obtained; and 

3. Once immobilized to an appropriate solid support, 
they should still recognize and bind to IL 2 with high 
affinity. 

5.4 Support Materials 

Solid supports that can be used include but are not 
limited to agarose gels; cross-linked agarose gels; con- 1 
trolled-pore glass beads, preferably coated with glyce 
rol- and glycol-like structures to eliminate nonspeci?c 
protein adsorption; cellulose particles; polyacrylamide 
gel beads and cross-linked dextrans such as Se 
phadex ®. A modi?ed polyhydroxy silica support is 
preferred, as described below. 
The soluble IL-2 receptors of the invention can be 

directly coupled to a solid support or can alternatively 
be separated from the support by one of the numerous 
linker molecules that are known in the art. For some 
examples of such linker molecules that can be used, see, 
e.g., Lowe et al., Int. J. Biochem 13:33 (1981). 
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5.5 Coupling Agents 

Selection of an agent for covalently coupling IL-2 
receptors to the insoluble support is dependent upon the 
nature of the support used. For carbohydrates such as 
agarose or cellulose, reaction with cyanogen bromide in 
aqueous alkali can be used to produce an activated 
support, to which proteins or polypeptides will immedi 
ately couple. Already prepared cyanogen bromide acti 
vated agarose is available commercially. Bisoxiranes 
and epihalohydrins can also be used for this Purpose 
[Porath et al. J. Chromatogr. 60:167 (1971); Nishikawa 
et al., J. Solid-phase Biochem. 1:33 (1976)]. 

Derivatized polyacrylamide gels can be prepared by 
treatment with hydrazine, after which a variety of acyl 
ating and alkylating reagents can be used for further 
chemical conversion [Inman et al., Biochemistry 8:4074 
(1969)]. 

. Controlled-pore glass can be treated with 'y-amino 
propyltriethoxysilane to cover silanol groups that give 
rise to nonspeci?c adsorption by proteins. The 'y-amino 
propyl moiety provides attachment points to which 
IL-2 receptors may be coupled. Derivatives of the 
glycerol-or glyco-phase coated glass beads can be ob 
tained by treatment with sodium periodate [Sanderson 
et al., Immunochem. 8:163 (1971)]. 
For general reviews on coupling reactions, see 

Weliky et al., Immunochem. 2:293 (1965) and Guilford, 
Chem. Soc. Rev. 2:249 (1973). 

5.6. Applications of IL-2 Receptor-Affinity Absorbents 

The IL-2 receptor-affinity adsorbents of this inven 
tion can be used in column chromatographic proce 
dures as described below or in batch processes. Batch 
processes are preferable where the adsorbent produces 
poor flow rates or clogs in column operation, or when 
long contact times are needed to ensure complete IL-2 
binding. 

In.batch operation, the immobilized IL-2R is simply 
suspended with stirring or agitation in the extract, solu 
tion or conditioned medium containing IL-2 or a chime 
ric protein containing an IL-2 moiety for a desired 
amount of time, after which the adsorbent is separated 
by ?ltration or sedimentation, or by decantation or 
aspiration of the ?uid phase after the adsorbent has been 
allowed to settle. The adsorbent can then be washed 
and the bound protein can be desorbed. 
A variation of the batch method called “tea-bag” 

batch can also be used. In this method, the IL-2 recep 
tor-af?nity adsorbent is contained within a porous bag 
made of fabric or other material. The bag is then im 
mersed in the IL-2 containing extract, solution or condi 
tioned medium for an appropriate time, after which it is 
removed like a tea bag. The advantage of the method is 
that it provides for easy separation of the adsorbent and 
simpli?ed processing. 

5.7. Desorption of Speci?cally Bound Proteins 

Once IL-2 or a chimeric protein containing an IL-2 
moiety has been bound to the IL-2 receptor-af?nity 
adsorbent and the adsorbent has been washed to remove 
contaminating materials, the speci?cally bound protein 
must be released. In one preferred embodiment, a low 
pH desorbing solution containing 0.2 N acetic acid and 
0.2 M NaCl is used. In another preferred embodiment, 
3M KSCN is used instead. In general, changes in PH, 
ionic strength or solvent composition (such as by add 
ing water-miscible organic solvents or chaotropic 
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agents) can be used. Such changes must diminish the 
strength of the interaction between the bound protein 
and the immobilized IL-2R to the point where the 
bound protein is released (desorbed). Care must be 
taken, however to ensure that the desorption conditions 
are not so severe as to irreversibly denature the ‘protein. 
It is also desirable that the desorption conditions not 
irreversibly denature the IL-2R, so that the adsorbent 
can be used repeatedly. 

6. EXAMPLES 

6.1. General Methods 

Unless otherwise noted, protein determinations were 
carried out by the method of Lowry et al., J. Biol. 
Chem. 1931265 (1951), using bovine serum albumin as a 
standard. Values thereby obtained were con?rmed by 
quantitative amino acid analysis. Amino acid analysis 
was performed as described by Pan et al., Methods of 
protein Microcharacterization (Shively, J. E., Ed), The 
Humana press lnc., Clifton, NJ. P. 105 (1986), following 
hydrolysis of the samples in 6 N HCl containing 4% 
thioglycolic acid at 110° C. for 20-24 hours in vacuo. 
Proline and cysteine values were determined after per 
formic acid oxidation. Sodium dodecyl sulfate (SDS) 
polyacrylamide gel electrophoresis was Performed in 
12% gels as described by Laemmli, Nature (London) 
227:680 (1970). 

IL-2 bioassays were carried out using a colorimetric 
modi?cation of the method of Gillis et al., J. Immunol. 
120:2027 (1978). In this assay [Familletti et al., Bio/ 
Technology 6;] 169(1988)]CTLL cells, cells of a murine 
cytotoxic lymphoid cell line dependent upon IL-2 for 
growth [Gillis et al., J. Exp. Med. 146:468 (1977)]. were 
used as target cells. CTLL cells (Immunex Corp., Seat 
tle, WA) were maintained in RPMI-1640 medium 
(Gibco Laboratories, Grand Island, NY) supplemented 
with 5% (v/v) fetal calf serum (Gibco), 25 mM HEPES 
buffer, 50 ug/ml gentamicin (Schering/Plough Inc., 
Bloom?eld, NJ.) and 200 units/ml crude human IL-2. 
For assay, CTLL Cells were removed from the IL-2 

containing maintenance medium by sedimentation for 
10 minutes at 500 x g in a Beckman Model J-6B centri 
fuge, and washed twice in HBlOl medium (Hana Bio 
logicals, Berkeley, Ca.) without lL-2. The cells were 
resuspended to a concentration of 2><l05 cells/ml in 
I-IBlOl supplemented with 50 ug/ml gentamicin. Sam 
ples to be titrated were diluted in HBlOl in the ?rst 
wells of a row in a half-area microtiter Plate (Costar 
No. 3696) to a ?nal volume of 0.1 ml. Subsequent wells 
in the rows contained 0.05 ml of I-IBlOl, and twofold 
dilutions of the samples were made by transferring 0.05 
ml aliquots serially to the end of the rows. Several wells 
?lled with 0.05 ml of medium without IL-2 served as 
negative controls. All wells were seeded with 0.05 ml of 
the cell suspension, and the plate was covered with a 
plastic lid and incubated for 20 hours at 37° C. in a 
humidi?ed, 5% CO2 chamber. 

This assay is based upon a colorimetric determination 
of lactic acid (LA) produced as an end product of glu 
cose metabolism by stimulated cells. Reagents for this 
colorimetric determination of LA were obtained from 
the Sigma Chemical Co., St. Louis, MO. Solution A 
contained 1.6 mg/ml B-nicotinamide adenine dinucleo 
tide and 0.03% (w/v) gelatin in a 0.6 M glycine, 80 mM 
hydrazine buffer at pH 9.2. Solution B contained 166 
units/ml lactate dehydrogenase, 0.5 mg/ml p-Iodoni 
trotetrazolium violet, and 0.03 mg/ml phenazine metho 
sulfate in water. A LA standard solution diluted in 
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phosphate buffered saline served as a positive control 
for the assay, and a solution of 0.35 N HCl was used to 
stop the reaction. A 96-well microtiter plate (Dynatech) 
which contained 0.05 ml of solution A in each well was 
used as the reaction plate to determine the amount of 
LA in a 0.015 ml sample obtained from corresponding 
wells of the biological assay microtiter plates. 
The addition of 0.05 ml of solution B to each well in 

the reaction plate started the reaction, and after suf?‘ 
cient time for reduction of the tetrazolium dye, the 
reaction was stopped by the addition of 0.05 ml of the 
HCl solution to each well. The optical density at 550 nm 
of each well of the reaction plate was then determined 
with a microplate spectrophometer (Artek Model 200). 
A unit of IL-2 activity is de?ned as a quantity of IL-2 

which produces a half-maximal response in the assay. 
The IL-2 concentration is calculated as the reciprocal 
of the dilution in the 50% end point well. National 
Institutes of Health Bureau of Biological Response 
Modi?ers (BRMP) Reference Reagent Human IL-2 
(Jurkat) material was used as a standard. 
Assay of IL-2/PE40 was carried out by measuring 

inhibition by the protein of the IL-2 dependent prolifer 
ation of murine CTLL cells. Measurements were made 
of the decrease in incorporation of [3lrIl-thymidine into 
cellular DNA. IL-2 (8 units/ml) was added to the assay 
mixtures simultaneously with the addition of IL 
2/PE4u. The assay procedure was essentially the same 
as the assay for IL-2 described by Gillis et a1. [.1 . 
Immunol. l20:2027(1978)]. A reference IL-2/PE40 
preparation which had been assigned an activity of 
2,000 units/pg was used as a standard. Using this stan 
dard. 1 unit/ml of IL-2/PE40 routinely produced ap 
proximately 50% inhibition of proliferation in the assay 

IL-2 receptor measurements were made using the 
double epitope ELISA method of Rubin et al., J. 
Immunol. 135 3172 (1985). Units of IL-2 receptor activ 
ity are as de?ned by Rubin et al., J. Immunol. 135:3172 
(1985), which is hereby incorporated by reference. 

6.2. Preparation of Interleukin-2 

Nonglycosylated mature recombinant human IL-2 
was produced in transformed E. coli and glycosylated 
recombinant human IL-2 was produced in transfected 
mammalian cells, using methods known in the art. See 
Taniguchi et al., Nature (London) 302:305 (1983); Euro 
pean Patent application publication No. 0 091 539 Al 
and US. patent application Ser. No. 463,496, now US. 
Pat. No. 4938927 which are hereby incorporated by 
reference. IL-2 from lysates of the bacterial cells and 
from culture medium conditioned by the mammalian 
cells was puri?ed as described below. 

In a preferred embodiment, recombinant IL-2 was 
produced in E. coli by isolating a cDNA clone coding 
for human IL-2 using synthetic oligonucleotides based 
on the DNA seguence of Taniguchi et al. [Nature (Lon 
don) 302: 305 (1983)1 hereby incorporated by reference 
]and then using the clone to construct the expression 
plasmid PRC 233/IL-2/Atet. This plasmid and the 
methods for its construction are detailed in In et al., J. 
Biol. Chem. 26215723 (1987). which is hereby incorpo 
rated by reference. Transforrnants containing the plas 
mid were cultured under standard conditions. 

In another preferred embodiment recombinant IL-2 
was produced in a dihydrofolate reductase de?cient 
Chinese Hamster Ovary cell line (CHO/dhFr-) trans 
fected with the human IL-2 gene. The gene was incor 
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porated into eukaryotic expression vector PBC12MI to 
produce vector pBCl2/RSV/IL-2/dhFr by a series of 
steps, transfected into the CHO cells and expressed as 
described by Cullen in US. patent application Ser. No. 
862,082, ?led May 12, 1986 for “Enhanced Expression 
of Human Interleukin-2 In Mammalian Cells”, now 
US. Pat. No. 4,992,367 which is hereby incorporated 
by reference. Vector pBClZMI contains the active 
Rous Sarcoma Virus long terminal repeat promoter and 
polyadenylation signals derived from the rat preproin 
sulin II gene. 

6.3 Preparation of IL-2/PE40 

A chimeric gene coding for IL-2/PE40 was con 
structed by fusing the cDNA clone for human IL-2 
described above to the 5’ end of the PE40 gene and 
transformed into BL21 (7tD3) E. coli cells with plasmid 
pHL3l0, as described by Lorberboum-Galski et al. 
[proc. Natl. Acad. Sci. USA 85:1922 (1988); hereby 
incorporated by reference]. The transformed cells were 
cultured in a 10-liter fermentor in LB super broth me 
dium in the presence of 50 ug/ml ampicillin, at 37° C. 
After the A650 value reached 0.8, B-thiogalactoside was 
added to a ?nal concentration of 1 mM, and the cells 
were harvested 90 minutes later. 

6.4. Production and Puri?cation of Recombinant 
Soluble IL-Z Receptors 

A secreted form of the human 'IL-2 receptor was 
produced in mammalian cells using methods known in 
the art. See Treiger et al., J. Immunol. 136:4099 (1986). 
which is hereby incorporated by reference. Supernatant 
medium from the cultured cells containing the secreted 
IL-2 receptors (IL-2R) was collected for puri?cation. 

In a preferred embodiment, plasmid pIL2R3 de 
scribed by Treiger et al.. supra, was cleaved with the 
restriction enzyme Nae I to excise an 879 bp lL-2R gene 
fragment containing the entire 816 bP IL-2R coding 
sequence ?anked by 24 bP of 5' and 39 bP of 3’ noncod 
ing sequences. The IL-2R cDNA was blunt-ended 
using Klenow DNA Polymerase and inserted between 
the blunt-ended Hind III and Barn HI sites of the 
PBC12MI expression vector described above, using T4 
DNA ligase. The expression vector subclone containing 
the desired IL-2R cDNA insert in the correct orienta 
tion was designated pBC12/lL-2R. 

Vector pBCl2/IL-2R Nae was obtained from 
pBCl2/IL-2R by cleavage at the unique IL-2R gene 
Nae I site and at a unique vector Sma I site, and a 14 bp 
oligonucleotide containing termination codons in all 
three reading frames (5’-T'TAAG'I‘TAACTTAA-3') 
was inserted. Vector PBC12/IL-2R Nae encodes a 
truncated IL-2R gene lacking the carboxy terminal 28 
amino acids (similar to the gene of Treiger et al., supra) 
and containing added codons for leucine and serine 
(5’-TTAAGT-3’). 

Plasmid pBC12/lL-2R Nae was used to transfect 
CHO/dhFr" cells by the method of Cullen, supra, as 
described above for recombinant IL-2 production and 
recombinant IL-2R was produced in medium condi 
tioned by cultures of such transfected cells. 
The conditioned medium from the transfected CHO 

cells was concentrated ten-fold by dia?ltration in a 
millipore Pellicon® system using a PTGC cassette 
with 10,000 dalton retention. The concentrated super 
natant (1,200 ml) was applied to an IL-2 affinity column 
(4.4X6.5 cm) containing nonglycosylated mature re 
combinant human IL-2 covalently coupled to Polyhy 
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12 
droxy NuGel-AF ® support (Separation Industries, 
Metuchen, NJ.) at a coupling density of 4.7 mg/rnl gel. 
Polyhydroxy NuGel-AF ® is a modi?ed polymeric 
silica having 3-[3-(2,3-dihydroxy)propoxy]propyl 
groups of the formula 

The IL-2 was coupled to the solid support material, 
after periodate oxidation of the support by reductive 
amination in the presence of sodium cyanoborohydride 
as described by Roy et al.. J. Chromatogr. 303:225 
(1984). 
Unadsorbed contaminating materials were removed 

by a phosphate buffered saline (PBS) wash, and the 
speci?cally adsorbed IL-2R was desorbed with 3 M 
KSCN in PBS. After dialysis against PBS, the af?nity 
column eluate was applied to a 4.4X20.5 cm DEAE 
silica column (NuGel P-DE 200 ®, Separation Indus 
tries). The IL-2R was eluted from the column with 0.2 
M NaCl in PBS, and a strongly bound major contami 
nant eluted with a subsequent l M NaCl elution step. 
The puri?ed IL-2R was found to be a mixture of 

monomer and a reducible dimer, as determined by SDS 
polyacrylamide gel electrophoretic analysis under re 
ducing and nonreducing conditions. These two forms of 
the IL-ZR were separated from each other by gel ?ltra 
tion in Sephacryl ® S-200 (pharmacia Fine Chemicals. 
Piscataway. NJ) using PBS as the eluent. The mono 
meric form of the puri?ed IL-ZR had a speci?c activity 
of 3.5><108 units/mg protein. 

6.5. Immobilization of IL-2 Receptors 

Puri?ed monomeric IL-2R was immobilized on 
NuGel P-AF® Poly-N-hydroxysuccinimide (PNHS; 
500 A, 40-60p.m; Separation Industries, Metuchen, 
N.J.). NuGel P-AF® poly-N-hydroxysuccinimide is a 
modi?ed polymeric silica having 3-[2-[[[2-[2-[(2,5-diox 
o-l-pyrrolidinyl)oxy]-2-oxoethyl]amino]ethoxy]propyl 
groups of the formula 

The following procedure was used. Twenty grams of 
dry PNHS (equivalent to 28 ml of swollen gel) were 
transferred into a 150 ml coarse sintered glass funnel 
and washed quickly with three 28-ml volumes of cold 
water. The washed gel was quantitatively transferred to 
a stoppered 100 ml Erlenmeyer ?ask containing 28 ml 
of a 2.1 mg/ml solution of the IL-2R in 0.1 M Potassium 
phosphate with 0.1 M NaCl, pH 7.0. The mixture was 
shaken gently at 4° C for 16 hours, after which uncou 
pled IL-ZR was collected by ?ltering the reaction mix 
ture. The gel was washed with two 28-ml volumes of 
PBS, and the ?ltrate and washes were combined and 
dialyzed against 2 liters of PBS overnight at 4° C. 

Immediately after washing, the gel was combined 
with 28 ml of 100 mM ethanolamine-HCI pH 7.0. and 
shaken for one hour to neutralize any remaining unre 
acted NI-IS-ester groups. The IL-2R gel was washed 
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three times with 28-ml volumes of PBS and then stored 
in the same buffer with 0.1% sodium azide at 4° C. 
The dialysate volume was measured and the protein 

value was determined spectrophotometrically at 280 
nm, based upon an optical density at that wavelength of 
1.65 for a 1 mg/ml ILV-2R solution. Calculations based 
on the difference between the starting amount of IL-2R 
used (58.8 mg) and the amount of uncoupled IL-ZR 
recovered in the dialysate (29.4 mg) showed that the 
coupling density of the IL-2R was 1.05 mg protein/ml 
of swollen gel. 

6.6. Puri?cation of Recombinant IL-2 from E. Coli 

A cell paste of E. coli transformed with a plasmid 
containing the human IL-2 gene was uniformly sus 
pended in 30 mM Tris-HCI pH 8.0. containing 5 mM 
ethylenediamine-tetraacetic acid (EDTA) [Buffer A, 4 
ml/ g of cells] and stirred at 2°-8° C. The suspension was 
passed through a Gaulin homogenizer (APV Gaulin, 
Everett, Mass.) two or three times at 7,000 Psi, with the 
homogenizer exit temperature maintained at 2“—8° C. 
with a dual heat transfer coil. . 

The cell lysate was centrifuged at 24,000><g for one 
hour in a Sorvall RC-SB centrifuge with a GSA rotor 

(DuPont, Wilmington, Del.). and the supernatant ?uid 
containing soluble proteins was discarded. The pellet 
was suspended in Buffer A (4 ml/ g of cells) and stirred 
for 30 to 60 minutes at 4° C. After centrifugation as 
above, the supernatant ?uid was discarded. 
The pellet was suspended in 1.75 M guanidine-HCl (4 

ml/ g) and mixed for 30 minutes to one hour as described 
before. The supernatant ?uid was discarded, and the 
pellet was suspended in 7 M guanidine-HCl (4 ml/g 
cells) and stirred for one hour. The extract was centri~ 
fuged as above, and the resulting supernatant ?uid was 
diluted 40-fold with PBS and allowed to stand for 24 
hours at 4° C. While the solution was standing ?occu 
lent debris developed. The diluted supernatant ?uid was 
carefully decanted from the settled ?occulent debris 
and then concentrated 10-fold in a Millipore-Pellicon 
system. 7 

An lL-2 receptor-af?nity column was prepared by 
packing 19 ml (settled volume) of the immobilized 
IL-2R gel described above into an Amicon G-l6X250 
column ?tted with two adapters. The column was equil 
ibrated with PBS, after which 160 ml of the concen 
trated E. coli extract derived from 10 g of cells was 
applied to the column. The column was run at a ?ow 
rate of 4 ml/minute, and the ef?uent was monitored 
with a Gilson lllB UV detector connected to a Kipp and 
Zonen recorder (Gilson Medical Electronics, Inc., Mid 
dletown, Wis.) 
The column was washed with 5 bed volumes of PBS 

or until the effluent absorbance at 280 nm returned to 
baseline, after which the bound recombinant IL-2 was 
desorbed from the column using 1-2 bed volumes of 0.2 
N acetic acid containing 0.2 M NaCl. The collected 
IL-2 fraction was concentrated in a stirred cell Amicon 
concentrator ?tted with a YM 5 membrane. 
The IL-2 activity and the amount of protein from the 

various fractions of the puri?cation procedure were 
determined, with the results shown in Table 1. 
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TABLE 1 

Puri?cation of Recombinant lL-Z From E. coli 

Speci?c 
Pro- Activity Activity Activity 

Volume tein (Units Recovery (U/mg 
Fraction (ml) (mg) X 10-6) (‘7.) x 10-7) 

Extract 160 80.0 416 100 0.52 
Flowthrough 170 61.4 250 60 0.41 
Affinity Pool 16 11.2 179 43 1.60 

In Table l, the initial extract was compared with 
material which did not bind to the column (?ow 
through) and with IL-2 which speci?cally bound to the 
column but was eluted with the acetic acid solution. 
The data of Table 1 show that only about 43% of the 
IL-2 activity in the guanidine-HCI extract of the insolu 
ble fraction of the bacterial lysate speci?cally bound to 
the column, while the remainder of the applied activity 
passed directly through the column. 

Analysis of the ?owthrough by SDS polyacrylamide 
gel electrophoretic analysis (FIG. 5, lane 2) showed that 
the IL-2 contained therein was Primarily in aggregated, 
higher molecular weight forms. By allowing the diluted 
extract described‘ above to stand for several days instead 
of 24 hours,’ however, the percentage of monomeric 
IL-2 increased. When extracts thus treated were applied 
to the IL-2 receptor-af?nity column, more than 90% of 
the total IL-2 activity speci?cally bound to the column. 

6.7. Puri?cation of Recombinant IL-2 From 
Mammalian Cells 

Three liters of conditioned cell culture medium were 
applied to the IL-2 receptor-af?nity column described 
above, and the mammalian recombinant IL-2 was puri 
?ed as previously described for the E. coli recombinant 
IL-2. 
The IL-2 activity and the amount of protein from the 

various fractions of the puri?cation procedure were 
determined, as shown in Table 2. 

TABLE 2 

Puri?cation of Recombinant lL-2 
from Mammalian Cell Conditioned Medium 

Speci?c 
Vol- Activity Activity Activity 
ume Protein (Units Recovery (U/mg 

Fraction (ml) (mg) x 10”) (%) x 10”) 

Starting 3,000 13,500 15.5 100 n.d. 
Medium 
Flowthrough 3,000 13,500 0.5 3 n.d. 
Affinity Pool 14 7.9 13.8 89 1.8 " 

n.d. means that the speci?c activity values for the starting medium and for the 
material not binding to the column were not determined. Such values would be 
meaningless due to the high levels of serum used in the cell cultures. 

The data of Table 2 show that most of the IL-2 in the 
conditioned medium speci?cally bound to the af?nity 
column, and the overall recovery of activity ap 
proached 90%. This higher Percentage of binding and 
recovery compared to the bacterially produced recom 
binant IL-2 appears to be due to a much lower degree of 
aggregate formation in the mammalian cell culture ex 
pression system. 

6.8 Analysis of the Puri?ed IL-2 5 

To determine the degree of aggregation of the recom 
binantIL-Z’s obtained from the af?nity pools, the mam 
malian and bacterial cell products were subjected to gel 
?ltration in super?ne Sephadex @ G-SO. A pharmacia 
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K 26/40 column was packed to a bed height of 35 cm, 
and the column was equilibrated with 50 mM sodium 
acetate, pH 3.5, containing 200 mM NaCl and 5 mg/ml 
mannitol (ICI Americas, Inc., Wilmington. Del.). 
Volumes of the af?nity pools (14-16 ml) were con 

centrated to 3 ml before application, and the columns 
were run at a flow rate of 0.5 ml/min using the equili 
bration buffer. Ten-minute fractions were collected on 
an LKB Ultra Rae-7000 fraction collector (LKB 
Produkter, Bromma, Sweden), and the eftluent was 
monitored at 280 nm with a Gilson Model 111B UV 
detector connected to a Kipp and Zonen recorder. The 
results are shown in FIGS. 2 (recombinant IL-2 from E. 
coli ) and 3 (recombinant IL-2 from mammalian cells). 
FIGS. 2 and 3 show that most of the recombinant 

IL-2s eluted in a Peak centered at about fraction 83. 
This material ran at a Position in the elution Pro?les 
expected for monomeric IL-2. In both ?gures only a 
very small amount of higher molecular weight material 
was seen (peaking at about fraction 57). Thus, recombi 
nant human IL-2, whether produced in a bacterial or a 
mammalan cell expression system, emerges from the 
IL-2 receptor-af?nity column in an essentially unaggre 
gated, monomeric form. In marked contrast, bacterially 
produced recombinant IL-2 puri?ed on an immunoaf 
?nity column contains a high degree of aggregated 
material. 
A murine monoclonal antibody designated 5B1 and 

directed against a dodecapeptide having an amino acid 
sequence corresponding to the N-terminal twelve 
amino acid residues of human lL-2 was prepared as 
described by Chizzonite in US. patent application Ser. 
No. 840,229, ?led Mar. 17, 1986 for “Monoclonal Anti 
bodies To Interleukin-2*’now abandoned, which is 
hereby incorporated by reference. Monoclonal anti 
body 5Bl was puri?ed from BALB/c mouse ascites 
fluid using ammonium sulfate precipitation followed by 
anion exchange chromatography, as described by 
Staehelin et al., J. Biol. Chem. 256:9750 (1981). 
The puri?ed antibody was immobilized on Nugel 

P-AF® poly-N-hydroxysuccinimide at an antibody 
loading of 11.8 mg/ml gel, as described above for the 
coupling of IL-2R. A 3.2x 13 cm column packed with 
this immunoaf?nity adsorbent was used to purify re 
combinant human IL-2 expressed in E coli, using the 
same protocol described above for the puri?cation of 
IL-2 in the receptor-affinity column. 
Recombinant IL-2 puri?ed in this column was sub 

jected to gel ?ltration in Sephade ® G-50 as described 
above,~with the results shown in FIG. 4. This ?gure 
shows that a large amount of the immunoaf?nity puri 
?ed IL-2 (identi?ed as peak 1) was in a higher molecular 
weight, or aggregated oligomeric form. Unaggregated 
monomeric IL-2 is in peak 2. 
To con?rm that the material speci?cally bound and 

later eluted from the IL-2 receptor-affinity column was 
in fact IL-2, samples from the affinity pools were sub 
jected to amino acid composition analysis, with the 
results shown in Table 3. 

TABLE 3 
Amino Acid Compositions of Puri?ed Recombinant IL-2s 

Residues In IL-2 From 

Amino Acid E. Coli‘ Mammalian Cells Expected+ 

Aspartic acid 12.6 11.7 12 
Threonine 12.5 12.3 13 
Serine 7.2 7.3 8 
Glutamic Acid 18.5 17.2 18 
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TABLE 3-continued 

Amino Acid Compositions of Puri?ed Recombinant lL-2s 

Residues ln IL-2 From 

Amino Acid E. C011" Mammalian Cells Expected+ 

proline 5.1 3.9 5 
Glycine 2.3 3.0 2 
Alanine 5.5 4.7 5 
Cysteine 3.0 3.4 3 
Valine 4.0 3.7 4 
Methionine 4.5 3.9 4 or 5 
lsoleucine 8.0 8.1 9 
Leucine 22.1 23.4 22 
Tyrosine 3.0 3.7 3 
Phenylalanine 6.9 6.5 6 
Histidine 3.1 3.1 3 
Lysine 10.3 11.3 11 
Arginine 4.0 4.2 4 
Tryptophan 0.9 1.3 1 
Total 134 133 133 or 134 

‘Average of two analyses 
'l'Microbially Produced IL-2 can have an additional N-terminal methionine. 

As shown in Table 3, the amino acid compositions of 
both of the puri?ed recombinant IL-2s were in close 
agreement with the expected values for IL-2. 
An assessment of the Purity of the receptor-af?nity 

puri?ed recombinant IL-25 was made by SDS 
polyaorylamide gel electrophoretic analysis as shown 
in FIG. 5. The analysis was carried out under nonreduc 
ing conditions (i.e., without mercaptoethanol). 

In FIG. 5, lanes S contained a mixture of molecular 
weight marker proteins including phosphorylase B (94 
Kd), bovine serum albumin (67 Kd), ovalbumin (43 Kd), 
carbonic anhydrase (30 Kd), soybean trypsin inhibitor 
(21 Rd) and lysozyme (14.3 Kd). Lanes l-S contained 20 
pg protein amounts of whole extract from the recombi 
nant E. coli producing IL-2; ?owthrough from the puri 
?cation of the E. coli extract in the receptor-affinity 
column; receptor-af?nity puri?ed recombinant IL-2 
from the E. coli extract; conditioned medium from the 
transfected mammalian cells producing recombinant 
IL-2 and receptor-af?nity puri?ed recombinant IL-2 
from the conditioned medium, respectively. The molec 
ular weights of the marker proteins in kilodaltons are 
shown to the right of the gels. The gels were stained 
with Coomassie blue to visualize the protein bands. 
FIG. 5 shows that by use of the single receptor 

af?nity step, the recombinant IL-2 in the crude bacterial 
extract was puri?ed to produce a major band and a 
more slowly migrating minor band (lane 3), The ?gure 
also shows that by the use of the same single affinity 
puri?cation step, the recombinant IL-2 in the mamma 
lian cell conditioned medium was puri?ed to produce a 
major band and a minor, more rapidly migrating band 
(lane 5). Analysis by Western blotting showed that all of 
the bands observed in lanes 3 and 5 contained IL-2. 
The Western blotting analysis was carried out as 

described by Burnett [AnaL Biochem. 112:195 
(1981)]and by Towbin et al. [proc. Natl. Acad. Sci. 
USA 7624350 (1979)]. The antibodies used were mono 
clonal antibodies 13A6 and 17Al (speci?c for both 
glycosylated and nonglycosylated IL-2) and 5B] (spe 
ci?c for nonglycosylated IL-2 only), which are de 
scribed in Chizzonite, supra. and in Chizzonite et al., J. 
Biol. Chem. (In press) (1988). 

6.9. Receptor Affinity Puri?cation of IL-2 Analogs 
Plasmids encoding analogs of recombinant human 

IL-2 were prepared using site-speci?c mutagenesis and 
recombinant DNA methodology and expressed in E. 
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coli as described by Ju et al., J. Biol. Chem. 262:5723 
(1987). In one of these analogs, the amino-terminal ala 
nine was deleted and the natural cysteine residue at 
position 125 was replaced by serine (des-AlaI-Ser125 
IL-2). In another analog, the natural aspartic acid resi 
due at position 20 was replaced by lysine (Lys2O IL-2). 
The speci?c biological activities of the recombinant 
des-Alal-Ser125 and Lys20 IL-2s were 1.7x 107 and 
2.2>< 104 U/mg protein, respectively, after puri?cation 
as described below. 
The des-Ala1-Ser125 IL-2 and the Lys2o IL-2 were 

puri?ed in the IL-2 receptor-affinity column as de 
scribed above, and the af?nity Pools were analyzed by 
SDS polyacrylamide gel electrophoresis as before. The 
results are shown in FIG. 6, in which the lanes contain 
a mixture of molecular weight marker proteins (lane S). 
E. coli extract containing des-Ala1-Ser125IL-2 (lanes 1), 
af?nity puri?ed des-Alal-Ser125 IL-2 (lanes 2). E. coli 
extract containing Lys2o IL-2 (lanes 3), af?nity puri?ed 
Lys20 IL-2 (lanes 4), E. coli extract containing wild type 
recombinant human IL-2 (lanes 5). and af?nity puri?ed 
wild type recombinant human IL-2 (lanes 6). The IL-2 
containing samples were run under both reducing and 
nonreducing conditions as indicated (with and without 
reduction by mercaptoethanol). The numbers to the left 
of the ?gure are the molecular weights of the marker 
proteins. 
FIG. 6 shows that the IL-2 receptor-af?nity adsor 

bent of this invention can be used to purify variants of 
IL-2 having amino acid deletions and/or substitutions 
and intrinsic speci?c biological activities differing by 
several orders of magnitude, as well as the wild type 
recombinant IL-2. For all of these IL~2s, the af?nity 
puri?ed product is in an essentially unaggregated, mo 
nomeric and highly active form. 

6.10. Puri?cation of IL-2/PE40 

All operations were carried out at 2"—8° C., unless 
otherwise noted. 

Transformed cells prepared as described above were 
suspended in 50 mM Tris-HCl. pH 8.0, containing 1 mM 
EDTA (4 ml/g cells). The cell suspension was pulse 
sonicated 6X30 seconds with a Soni?er Cell Disruptor 
350 (Branson Sonic Power Co., Farmingdale, NY.) 
The disrupted cells were centrifuged at 10,000Xg for 
20 minutes in a Sorvall RC-5 centrifuge (DuPont, Wil 
mington, Del.) with an 58-34 rotor, and the pellet was 
collected. 
The pellet was suspended in 7 M guanidine-HCI in 0.1 

M Tris-HCl, PH 8.0, containing 1 mM each of EDTA 
and dithiothreitol (DTT) (5 ml/ g cells) and sonicated as 
before. The mixture was stirred for 60 minutes, and the 
supernatant was collected by centrifugation, diluted 
80-fold with PBS and stirred overnight. The diluted 
extract was clari?ed by centrifugation at 24,000 ><.g for 
20 minutes with a GSA rotor, or ?ltered through a 0 
8/0.2 u ?lter (Sartorius). 
Forty milliliters of the immobilized IL-2R gel de 

scribed above were packed into an Amicon G-22X25O 
column ?tted with two adapters. The column was equil 
ibrated with PBS buffer. 
Seven liters of the clari?ed, diluted extract (half of 

the total extract obtained from 35 g of cells) were ap 
plied to the column at a flow rate of 7 ml/minute. The 
column effluent was monitored with a Gilson lllB UV 
detector at 280 nm and a Kipp and Zonen recorder 
(Gilson Medical Electronics, Inc., Middletown, Wis.). 
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The column was washed with PBS until the absorbance 
returned to the baseline. 
The IL-2/PE40 activity was eluted from the column 

with 3 M KSCN in 50 mM potassium phosphate, pH 
6.0. The stock KSCN solution had been decolorized by 
?ltering through activated charcoal, prior to use. 
The eluted IL-2/PE40 was dialyzed against 2 liters of 

50 mM sodium acetate, pH 5.0, in l2-l4,000 M.W. cut 
off dialysis tubing (Spectrapore Type 2). The dialysate 
was centrifuged to remove any precipitated materials. 
The initial bacterial extract, the ?owthrough from 

the receptor-af?nity column and the Pooled puri?ed 
IL-2/PE40 protein eluted from the column were all 
analyzed by SDS-Polyacrylamide gel electrophoresis 
under nonreducing conditions in 12% gel, using the 
method of Laemmli, supra. The gels were stained with 
Coomassie blue. The results are shown in FIG. 6, where 
the extract, column ?owthrough and puri?ed IL 
2/PE40 can be seen in lanes 1, 2 and 3, respectively. 
Lanes S in FIG. 6 contained a mixture of molecular 
weight marker proteins having the sizes indicated to the 
left and right of the ?gure, in kilodaltons. 
FIG. 6 shows that the IL-Z/PElO protein was essen 

tially homogeneous in this gel system following the 
single receptor-af?nity chromatographic puri?cation 
step. Western blotting with antibodies to IL-2 and Pseu 
domonas exotoxin revealed the same, single band. 
The IL-2/PE40 activity and the amount of protein 

from the various steps of the puri?cation procedure 
were also determined, with the results shown in Table 
4. 

TABLE 4 
Speci?c 

Pro- Activity Activity Activity 
Volume tein (Units Recovery (U/mg 

Fraction (ml) (mg) x 104’) (%) >< 10—°) 

Extract 14,000 1,568 100.4 100 0.064 
Flowthrough 14,000 1,498 0 0 0 

' Affinity Pool 140 63 98.2 98 1.560 
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‘Results shown are the combined values from processing two of the 7-liter extracts 
described above. 

The data of Table 4 show that essentially all of the 
IL-2/PE40 activity bound to the column, and essen 
tially all of it was recovered from the column. 
Many modi?cations and variations of this invention 

may be made without departing from its spirit and 
scope, as will be apparent to those skilled in the art. The 
speci?c embodiments described herein are offered by 
way of example only, and the invention is limited only 
by the terms of the appended claims. 
What is claimed is: 
1. An IL-2 receptor-af?nity adsorbent comprising a 

solubilized TAC antigenic IL-2 cell surface receptor 
protein immobilized on a solid support, which immobi 
lized receptor molecules are capable of speci?cally 
binding to a chimeric protein containing an IL-2 moiety 
in essentially unaggregated monomeric form. 

2. A method for purifying a chimeric protein contain 
ing an IL-2 moiety in a solution or culture medium 
conditioned by human or animal cells, comprising: 

(a) contacting a solution or conditioned medium con 
taining a chimeric protein containing an IL-2 moi 
ety, which moiety is capable of speci?cally binding 
to the IL-2 cell surface receptor, with a receptor 
af?nity adsorbent comprising a solubilized TAC 
antigenic IL-2 cell surface receptor protein immo 
bilized on an insoluble support, which immobilized 
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receptor molecules are capable of speci?cally bind 
ing to the chimeric protein having an IL-2 moiety 
in essentially unaggregated, monomeric form; 

(b) allowing the chimeric protein to speci?cally bind 
to the adsorbent; 

(c) washing the adsorbent to remove unbound con 
taminating substances; 

(d) desorbing the chimeric protein from the washed 
adsorbent; and 

(e) separating the receptor-affinity adsorbent from 
the desorbent chimeric protein. 

3. A method for purifying a chimeric protein contain 
ing an IL-2 moiety produced in a bacterial expression 
system, comprising: 

(a) disrupting cultured bacterial cells transformed by 
a vector capable of directing the expression of the 
chimeric protein containing an IL-2 moiety, which 
moiety is capable of speci?cally binding to the IL-2 
cell surface receptor, to produce a cell lysate; 

(b) isolating the insoluble fraction from the cell lysate; 
(c) extracting the isolated insoluble fraction from the 

cell lysate with a solution of from about 5 to about 
7 M quanidine-HC] to obtain an extract containing 
the chimeric protein; 

(d) diluting the extract from about 10- to about 1,000 
fold with a guanidine-HCI free solution; 

(e) contacting the diluted extracted with a receptor 
af?nity adsorbent comprising a solubilized TAC 
antigenic IL-2 cell surface receptor protein immo 
bilized on an insoluble support, which immobilized 
receptor molecules are capable of speci?cally bind 
ing to the chimeric protein in essentially unaggre 
gated, monomeric form; 

(f) allowing the chimeric protein to speci?cally bind 
to the adsorbent; 

(g) washing the adsorbent to remove unbound con 
taminating substances; 

(h) desorbing the chimeric protein from the washed 
adsorbent; and 

(i) separating the receptor-affinity adsorbent from the 
desorbed chimeric protein. 

4. The method of claim 3 in which the extract of step 
(c) is diluted from about 30- to about 80-fold 
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5. The method of claim 3 in which extraction step (c) 

is preceded by preextraction steps to extract contami 
nating cellular materials, comprising extracting the iso 
lated insoluble fraction from the cell lysate with 

(i) a buffered salt solution; and 
(ii) a solution of from about 1.75 to 2 M guanidine 

6. The method of claim 4 in which extraction step (c) 
is preceded by preextraction steps to extract contami 
nating cellular materials, comprising extracting the iso 
lated insoluble fraction from the cell lysate with 

(i) a buffered salt solution; and 
(ii) a solution of about 1.75 to 2 M guanidine HCl. 
7. The method of claim 3 in which dilution step (d) is 

followed by a step comprising allowing the diluted 
extract to stand for a period of time ranging from about 
four hours to more than three days. 

8. The method of claim 7 in which the diluted extract 
of step (d) is allowed to stand for about one to about 
three days, 

9. The method of claim 4 in which dilution step (d) is 
followed by a step comprising allowing the diluted 
extract to stand for a period of time ranging from about 
four hours to more than three days. 

10. The method of claim 9 in which the diluted ex 
tract of step (d) is allowed to stand for about one to 
about three days. 

11. The method of claim 5 in which dilution step (d) 
is followed by a step comprising allowing the diluted 
extract to stand for a period of time ranging from about 
four hours to more than three days. 

12. The method of claim 11 in which the diluted 
extract of step (d) is allowed to stand for about one to 
about three days. 

13. The method of claim 6 in which dilution step (d) 
is followed by a step comprising allowing the diluted 
extract to stand for a period of time ranging from about 
four hours to more than three days. 

14. The method of claim 13 in which the diluted 
extract of step (d) is allowed to stand for about one to 
about three days. 

15. The method of claim 3 in which the chimeric 
protein is IL-2/PE40. 

t it i ‘I 
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